To assess the association between obesity and parental coronary heart disease (CHD) history. DESIGN: Analysis of data from an ongoing, large-scale survey on medical status, health behaviour and attitudes. SUBJECTS: Representative samples of Israeli military personnel upon discharge from compulsory service at age 20-22 y. Overall 14 297 men and 11 638 women were interviewed and examined upon release from military service between 1989 and 1999. MEASUREMENTS: Data on demographic characteristics, family history of CHD, lifestyle, weight and height were collected. Analysis of variance and logistic regression were used. RESULTS: Higher mean body mass index (BMI) and obesity (BMI430 kg/m 2 ) were associated with paternal CHD history in both sexes, and with maternal CHD history among men. Offspring of a parent with a positive CHD history had a higher mean BMI (23.22 vs 22.86 kg/m 2 , Po0.001) and were more likely to be obese (5.4 vs 3.7%, Po0.001) than offspring of parents with no history of CHD. Multivariate adjustment for demographic and behavioural variables associated with obesity attenuated the association (adjusted odds ratio for obesity 1.37, 95% confidence interval: 1.15, 1.64). When stratified by sex, this association remained statistically significant only among males. CONCLUSION: Young adults with a parental history of CHD are more likely to be overweight. This high-risk group should be targeted for early preventive activities.
Introduction
The association between parental history of coronary heart disease (CHD) and its associated risk factors, including measures of obesity, among offspring, has been documented in a small number of studies of paediatric and young adult populations. [1] [2] [3] [4] [5] However, these studies were restricted to the US, and all reports but one referred to Bogalusa, Louisiana. [1] [2] [3] [4] Obesity is a well-recognised determinant of major cardiovascular risk factors, including hypertension, 6 ,7 impaired glucose tolerance, diabetes mellitus [7] [8] [9] and dyslipidaemia, 10 and its prevalence has increased globally from 1960s through 1990s. [11] [12] [13] [14] [15] Since obesity, once established, is extremely difficult to modify, intervention at a young age to prevent weight gain is considered the optimal approach. 16 With this in mind, we focused on the relation with parental history of CHD, while controlling for possible demographic and behavioural confounders. If an association in fact exists, then identification of risk groups and preventive activities in adolescents and young adults should be accorded higher priority.
We assessed the association between body mass index (BMI) and the prevalence of obesity with parental cardiovascular morbidity and mortality by analysing data from a unique, representative, large-scale, ongoing survey of anthropometric measures, health behaviour, environmental factors and family history in a sample of over 25 000 young Israeli men and women aged 20-22 y, examined between 1989 and 1999.
Materials and methods

Subjects
Our study sample was drawn from an ongoing survey designed to provide population-based data and prevalence estimates of health-relevant measures, including health behaviours and attitudes, and anthropometric data, for a representative sample of Israel Defence Force personnel upon discharge from compulsory service, usually at the age of 20-21 y (women) or 21-22 y (men). The sampling process is systematic, based on a predetermined combination of digits of the subjects' serial number, as previously described. 17 Of those who were approached to participate in the study, 91% agreed and provided signed informed consent. The Israel Defence Force Medical Corps Review Board approved the study as well as the manner in which informed consent was obtained from subjects.
Over an 11-y period from January 1989 to December 1999, a total of 26 644 subjects (14 716 men and 11 928 women) were interviewed and examined. Of these 419 men (2.8%) and 290 women (2.4%) were excluded because of missing or erroneous data on weight or height. Altogether, 14 297 men 11 638 women were included in the study.
Data collection
Trained nurses from the Israel Defence Force Health Surveillance Section interviewed participants concerning demographic data (subjects' country of birth and extent of their formal education, paternal country of birth and level of education, and subjects' number of siblings); subjects' health behaviours (smoking, alcohol intake and level of physical activity); parental CHD morbidity data (which was defined as 'angina pectoris', 'chest angina', 'heart attack' or 'myocardial infarction') and the cause of death of deceased parents selected from the following: injury, cancer, stroke, myocardial infarction, sudden death of unknown cause and others.
Weight and height were measured after removal of outer garments and shoes, using a weight and standing height scale (Sunbeam products Inc., Bridgeview, IL, USA). Additional demographic and behavioural variables included subjects' number of siblings (r2 vs 42; extent of subject's and paternal schooling (r12 vs 412 y); and subjects' cigarette smoking (current vs non smoker). Since compulsory physical activity differed between the units we referred to subjects' weekly physical activity level (low: performance of up to three routine aerobic activity sessions per week vs high: performance of four or more routine aerobic activity sessions per week).
Data analysis
Statistical analysis
Mean BMI and the prevalence of obesity for each parental CHD history group were calculated and compared to the reference category (neither parent with CHD history). Mean BMI comparisons were done using ANOVA models (experimental method). Comparisons of the prevalence of obesity were done using logistic models (stepwise, forward) with paternal CHD history as the independent variable and obesity (yes or no) as the dependent variable. In an attempt to quantify the association between BMI and parental CHD history, we modelled the 'prediction' of a history of CHD in at least one parent by their offspring's BMI using logistic regression with BMI as the independent variable (grouped into sex-specific quintiles or as a continuous variable). All analyses, both adjusted for sex and stratified by sex, were done in three steps: without adjustment, with adjustment for demographic variables (father's and subject's level of education, number of siblings, and origin) and with adjustment for demographic and behavioural variables (smoking and the level of physical activity). All possible interactions between the dependent variables were assessed in the ANOVA models, and between sex and parental history in the logistic models.
Statistical analyses were performed using SPSS TM software (SPSS Inc., Chicago, IL, USA).
Results
Data concerning parental CHD morbidity, overall and myocardial infarction-specific mortality, and summary of parental CHD history are presented in Table 1 . The men reported 2481 parental CHD events (morbidity or mortality) and the women reported 1567 events. Altogether there were 2968 events in fathers and 1080 in mothers. In all, 6378 subjects reported high level of physical activity (24.6%) and 34.6% of the population were current smokers (n ¼ 8977). Smokers were more obese with mean BMI of 23.11 kg/m 2 as compared to 22.83 kg/m 2 among nonsmokers and prevalence of obesity of 4.9% as compared to 3.5% among nonsmokers (Po0.001 for both comparisons). The prevalence of smoking was found to be 39.3% among subjects with a positive history of CHD in either parent
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The associations between parental CHD history and BMI are presented in Table 2 . A positive history of CHD for both fathers and mothers was associated with higher BMI in the total study population, with the highest mean BMI among those who reported a positive history in both parents. Those with negative parental history of CHD had a mean BMI of The relation was weaker in women than in men. Furthermore, the association for maternal history was somewhat weaker than for paternal history, and statistical significance was lower largely because of the smaller number of maternal events. Upon adjustment for demographic variables, the association weakened in all comparisons, but more so for maternal events, remaining statistically significant in men for paternal history and for a history in at least one parent. Associations in female offspring were more strongly attenuated and were no longer statistically significant. Further adjustment for the behavioural variables did not affect the associations. Introduction of interaction terms into the analysis of variance had a minimal impact on the results.
The association of parental CHD history with the prevalence of obesity (BMI430 kg/m 2 ) was examined by logistic modelling (Table 3) . A history of CHD in either parent was associated with a higher prevalence of obesity in the total study population. Among those with neither parent's positive history of CHD, 3.7% were obese, while among those with either parent's positive history of CHD, 5.4% were obese (odds ratio 1.48, 95% confidence interval l.26, 1.73). The highest likelihood of obesity was found for those who reported both parents positive for CHD (unadjusted odds ratio 2.69). These associations appeared to be stronger in men than in women although a test for interaction was not significant. Upon adjustment for demographic variables, the odds ratios were moderately attenuated, more so for women than for men. All associations remained statistically significant among men but not among women. Adjustment for behavioural variables did not further materially affect the results. Interactions between sex and father's-and mother's CHD history (all possible interactions between the three variables) were not statistically significant, and were not included in the final models.
The results of logistic models with BMI in young men and women serving as a 'predictor' of parental CHD history are presented in Table 4 . BMI was classified in three different ways: by quintiles, by predetermined cutoff points and as a Coronary heart disease and offspring obesity I Grotto et al Coronary heart disease and offspring obesity I Grotto et al continuous variable. In the quintile analysis, the odds of having at least one parent with a positive history of CHD were largest for the fifth quintile of BMI in both sexes (1.37), more so for men (1.46) than women (1.33). The odds in the mid-three quintiles were intermediate in men, but were not elevated in women. Adjustment for the demographic variables somewhat attenuated the association in men, and more so in women. Classification of BMI according to 5 kg/ m 2 categories revealed a graded association in both sexes, more consistently in men. There were relatively strong associations in obese men (BMIZ30 kg/m 2 , odds ratio ¼ 1.81, BMIZ35 kg/m 2 , odds ratio ¼ 1.93) and weaker associations in overweight men. These findings were essentially unaltered by multivariate adjustment. In women, a strong relation was evident in the very obese (435 kg/m 2 , odds ratio ¼ 1.96); this was largely eliminated upon multivariate adjustment. There was a positive association between BMI introduced as a continuous variable and parental CHD history in unadjusted and adjusted analyses in both sexes.
Discussion
In our large-scale population-based sample of young Israeli adults after military service, we demonstrated an association between parental history of CHD and offspring BMI. Those who reported a positive history of CHD in either parent had a higher BMI and a greater risk of being obese than those who reported no parental history. These findings were statistically significant concerning both parents for males, but only for fathers in females. Our findings extend those of the Bogalusa and CARDIA studies to a multiethnic Middle Eastern population, and confirm the generalisability of the Bogalusa reports of higher BMI and an increased prevalence of obesity among young adult offspring with at least one parent with a history of coronary artery disease. 4 A positive history of MI among at least one of the parents was found to be associated with larger subscapular skinfold in Bogalusa and CARDIA, 3, 5 and with higher weight/height 3 3 in young adult offspring as well as with higher weight among paediatric offspring in Bogalusa. 1,2 Our study of young men and women, which is ongoing, is unusual in a number of aspects. The large sample size of over 25 000 participants and over 4000 parental events allowed us to stratify the data for sex, and to assess separately a history of CHD among mothers and fathers. It also permitted us to control for possible confounding effects of various demographic and behavioural factors related to obesity. We used BMI, which is considered the preferred measure of adiposity at this age 20 and whose correlation with body fatness is independent of ethnicity, 21 as the outcome variable. To the best of our knowledge, previous studies among the young were based solely on the US populations. The results can be explained by the fact that obesity, as a risk factor for CHD, is more prevalent among parents with a history of the disease, so that their children become obese as well. This is similar to reports that offspring fatness increases with parental fatness 22 and that there is familial clustering of risk factors as well as physical fitness. 23 This adds to the evidence that the levels of risk factors may mediate familial clustering of CHD. Parental-filial overweight may be linked through genetic factors or through common parent-child behaviours, which influence adiposity. The strong association between a paternal history of CHD and obesity should direct further studies towards the search for common genetic determinants of obesity and CHD, employing modern molecular epidemiological techniques and new data uncovered by the human genome project.
Among females, the association between higher BMI and prevalence of parental morbidity and mortality was found to be statistically significant only with their fathers. This could be partially explained by the relatively small number of females who reported a positive CHD history in their mothers (385 or 3.3%).
We have no data concerning the age of parental morbidity and mortality, but since the soldiers interviewed were young adults aged 20-22 y, we can assume that their parents were relatively young. This suggests that our data refer largely to the association between parental positive CHD history at an early age and offspring obesity. Parental history of premature CHD is in itself an important risk factor for CHD among offspring. 24 On the other hand, our data cannot be generalised to CHD history at all ages. The disadvantages of our study include the fact that family history data were based on reporting and no attempt was made to validate this information. This is also true for most other reports addressing the same issue, 1-3,5 although one study verified the self-reported cases of CHD. 4, 25 It is likely, however, that the associations are probably underestimated because of the inaccuracy associated with self-reporting. 2 Military service in Israel is compulsory such that selection bias is minimised, although specific subgroups of the population that are not inducted are under-represented. Even recruits with health problems (unless severe) are drafted, most serving in noncombat support capacities. The Israeli population is ethnically heterogeneous, and is comprised largely of immigrants from a multitude of countries and their Israeli-born offspring. We believe that our findings, which were consistent among the ethnic groups, are likely to apply to populations elsewhere. Obesity is increasing in Israel, 26 as it is worldwide.
Although this is a multifactorial condition with wideranging causes including genetic, social, cultural and behavioural factors, which interact complexly with each other, our study has practical public health implications. We observed an increase in the prevalence of obesity among young adults with a family history of CHD, which we infer to reflect the risk factor status of obesity, albeit diluted by one generation. This high-risk group deserves attention directed to risk factor management, particularly to prevention of weight gain. Since Bao et al 4 
showed higher BMI values in
Coronary heart disease and offspring obesity I Grotto et al offspring of those with a parental history of heart attack from age 10 y onward 4 and subjects who are obese in their early 20s have an extraordinary high risk of remaining obese at age 35-37 y, 27 very early intervention is warranted.
